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Abstract 
The field monitoring is an essential tool to define geotechnical model able to assess landslide stability conditions, with particular 
reference to the hydrological response of the slopes in presence of widespread landslide events — the occurrence of several 
landslides trough wide areas. The results relative to two sample sites, representative of study areas characterised by homogeneous 
geological elements and where field monitoring has been carried out for adequate time intervals, are illustrated in the paper. In 
particular, we consider an area with outcroppings formed by a sort of “melange structure” made up of blocks and fragments of 
phyllites, clays, shales, ect., in a prevalently clayey matrix (Lungro sample site), and an area where are present rocks and soils 
deriving from weathering of crystalline rocks (“Serra di Buda”, Acri, sample site). In the Lungro sample site a piezometer 
monitoring network and a rain gauge give indications about the hydrological response of the slopes in an urban area; in the “Serra 
di Buda” sample site the piezometer levels measured for a long time period, and the rainfall, permit to identify some relationships 
between the cumulative rainfall and the piezometric levels. Values of cumulative rainfall of about 700 mm on 120 days represent 
a necessary, but not sufficient, condition for critical stability conditions in the considered sample sites, in relation to possible 
scenarios of widespread landslide events. 
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1. Introduction 
Landslides are activated especially during rainy season1,2,3,4,5. Either prolonged rainy periods, characterized by 
low daily intensities, or short and intense storms can trigger landslides, often resulting in damage and casualties6,7,8,9. 
Calabria is one of the Italian regions mostly affected by mass movements10,11,12,13,14 because of its complex 
geological evolution (Fig. 1a), its geographical location and distribution of mountain ranges, causing great space 
variability of climatic conditions and frequent extreme rainfall events17 (Fig. 1b). The geological complexity of 
Calabria is the result of the tectonic history of the region during its formation18,19. Almost the entire region is made 
up of crystalline–metamorphic nappe units, defined as Calabrian Arc18, and this condition represents a relevant 
predisposing factor to landslides20,21. However, landsliding phenomena triggered by precipitation involve almost all 
outcropped lithologies10,11,12,13,14.  
In the described context field monitoring assumes particular relevance. In effect, field monitoring is an essential 
tool to define geotechnical model able to assess landslide stability conditions, with particular reference to the 
hydrological response of the slopes, and then to assess susceptibility, hazard and risk, to design and realize reduction 
and/or mitigation risk measures, to study the influence of predisposing and triggering factors on the slope stability 
conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Lithostructural map of the Calabria region and Integrated Monitoring Networks (from [14], [15] and [16], modified); (b) Average 
yearly rainfall (1921-2000 rainfall) (from [5], modified). 
Therefore, starting from 1986, Integrated Monitoring Networks have been realized in some sample sites in 
Calabria region (Fig. 1a). In particular, the monitored landslides involve, prevalently, soils coming from weathering 
of rocks. The monitored landslides are shallow (2-3 m depth), medium deep (about 30 m depth) and deep-seated 
(deeper than about 30 m). The sample site of San Pietro in Guarano represents an example of the useful results that 
can be achieved from the Integrated Monitoring Network20,22,23,24,25,26,27,28.   
A critical point in field monitoring is the availability of measures for a significant time period, considering that in 
most cases field monitoring is not available for landslide phenomena that take place each year. Consequently, it is 
useful to consider the monitoring results with reference to the occurrence of several landslides triggered by rainfall 
through wide areas and throughout periods ranging from a few days to a few months5. 
(a) (b) 
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This paper deals with the results, in terms of hydrological response of the slopes, obtained from the field 
monitoring carried out for adequate time intervals on two sample sites. In particular, taking into account the rainfall 
events that have generated widespread landslide events in Calabria region, we propose the analysis of the 
piezometric monitoring data for sample sites representative of study areas characterised by homogeneous geological 
elements. Preliminary indications can be found about the processes that determine slope instability conditions with 
reference to possible scenarios of widespread landslide events. 
2. Method and data 
In the field monitoring, the availability of measures for a significant time period represents a critical point, and for 
this reason the method proposed in this paper assumes to consider the measurements with reference to the 
occurrence of Widespread Landslide Events (WLE)5. 
Starting from the Landslide database used for Calabria region (historical data on the damage caused by landslides 
triggered by rainfall referred to 3451 Landslide Records (LRs) occurred in 409 municipalities from 1921–2009), we 
define Landslide Event (LE) as the occurrence of one or more LRs during one or more consecutive days preceded 
and followed by at least one day without a LR, and select the LEs that hit at least 20 municipalities (Fig. 2). Then, 
using the rainfall data relative to the Calabria region a rainfall database of Calabria [17-5] was created, and a 
rainfall events database was extracted (Rainfall Event (RE) is a group of rainy days preceded and followed by at 
least one day with no rain). Comparing selected Landslide Events (LEs) and relative Rainfall Events (REs) we can 
individuate Widespread Landslide Events (Fig. 2). In Figure 3 the interactions between Widespread Landslide 
Events and monitoring periods are shown. 
Referring to the geological contexts, to the thickness of the landslides, and to the involved lithologies, we have 
selected two sample sites to analyse some results obtained from field monitoring: Lungro9, Serra di Buda (Acri)29. 
The comparison of the piezometric levels and the cumulative rainfall, with reference to WLE, allows to verify the 
presence of typical values of cumulative rainfall that can be assumed as indicatives of possible instability conditions, 
able to generate Widespread Landslide Events. 
 
2.1. Lungro sample site 
The Lungro sample site9 is located on the northwest sector of the Calabria region, characterized by an extreme 
geological and structural complexity for the reason that the Units of the Calabrian Arc are overthrusted on the Meso-
Cenozoic sedimentary sequences of the Appennine domains30 (Fig. 4a). The lithologies outcropping in this area are 
represented by phyllites and slate (Diamante-Terranova Unit), and form a sort of “melange structure” made up of 
blocks and fragments prevalently of phyllites, clays and shales in a clayey matrix. In the area, the slopes are mainly 
affected by slides, slide-flows and landslide zones (Fig. 4b), prevalently medium-deep landslides. 
The grain size envelope of the soils produced by degradation processes of phyllites in Lungro territory is 
delimitated by curves from sandy clay with silt to sandy silty gravel (Fig. 4c). The hydraulic properties at full 
saturation, obtained from laboratory and the in situ tests, show for these soils a permeability ranging from 3.62*10-7 
m/s to 5.00*10-5  m/s  (Fig. 4d). 
2.2. Serra di Buda (Acri)  sample site 
The “Serra di Buda” (Acri) sample site29,31,32 is located on north-western border of the Sila Massif characterized 
by Quaternary extensional N-S faults superimposed at WNW-ESE strike-slip faults33. The N-S striking faults are 
arranged into a westward down-stepping system (Fig. 5a). Crystalline rocks are mainly represented by medium-to-
high-grade metamorphic rocks of the Sila Unit, generally intensely weathered and fractured. In the study area, deep-
seated gravitational deformations and deep-seated landslides have been recognized, mainly in the transition zone 
between the above cited fault-systems33,34,35. In particular, in the Acri area have been identified and mapped three 
types of landslide: debris flow (generally shallow landslides), debris slide (generally medium-deep landslides) and 
rock slides (generally deep-seated landslides)34. The Serra di Buda deep-seated landslide (Fig. 5b), located near the 
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town of Acri (Cosenza), is part of a wide Sackung-type Deep-seated Gravitational Slope Deformation32,34,35. 
The grain size envelope of the classes VI and V gneissic rocks of Serra di Buda is delimitated by curves from 
clayey silt with sand to sandy gravel (Fig. 5c). The laboratory and the in situ tests show that the permeability of these 
soils and rocks ranges from 5.00x10-7 m/s to 1.25x10-3 m/s (Fig. 5d).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Flow-chart showing the methodology proposed for individuating WLEs (from [5], modified). 
 
 

1085LEs
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Fig. 3. Interactions between Widespread Landslide Events and monitoring periods. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) Lithostructural map of the Lungro area (from [30], modified); (b) Lithostructural and landslide map of the Lungro sample site and 
piezometer-inclinometer monitoring networks  (from [9], modified) - Legend: 1) landslide debris; 2) colluvial soil; 3) slope debris; 4) alluvional 
deposit; 5) phyllites; 6) cataclastic dolomite; 7) meta-limestone; 8) fault; 9) active landslide; 10) dormant landslide; 11) active landslide scarp; 
12) dormant landslide scarp; 13) inclinometer; 14) piezometer; (c)  Grain size envelope of the colluvial soils and degraded phyllites; (d) 
Permeability values of the colluvial soils and degraded phyllites. 
(a (b) 
(c (d) 
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Fig. 5. (a) Lithostructural map of the Acri  area (from [13], modified); (b) ”Serra di Buda” landslide map  and integrated  monitoring network; (c) 
Grain size envelope of the classes V and VI from gneiss; (d) Permeability values of the classes V and VI from gneiss. 
2.3. Serra di Buda (Acri)  sample site 
The interactions between WLEs and monitoring period relative to piezometers in Serra di Buda sample site are 
shown in Figure 3. In particular, specific LRs have detected in the WLEs 22,24,25, and in the WLS that have been 
generated from January to March 2010 (WLE 25*). In correspondence of the central part of the Serra di Buda slope 
(Fig. 5b), and with reference to WLEs, it is possible to take some observations for the hydrological response of 
slope. 
In the S3 piezometer vertical, about five years after the starting of the monitoring, we can observe on 14 March 
2005 a clear rising in the piezometric levels, (1) in Figure 7, about 14-19 m below g.s., in presence of cumulative 
rainfall on 120 days of about 800 mm. Five years later, on 19 March 2010, a greater rising of the piezometric levels 
of about 11-14 m below g.s., (2) in Figure 7, can be observed in presence of values of cumulative rainfall of about 
800 mm. Either these cases are characterized by the presence of snow (Fig. 7). In absence of snow, only on 21 May 
2009 we register a sudden rising of the piezometric levels, (3) in Figure 7, of about 11-19 m with a cumulative 
rainfall of about 900 mm (Fig. 7). 
For the sample site of “Serra di Buda” more than 11 years of monitoring indicate that, in presence of snow, a 
cumulative rainfall on 120 days with values of about 800 mm determines significant variations in piezometric levels. 
Significant, but sudden rising in piezometric levels could be recorded also in absence of snow with values of 
cumulative rainfall greater than 800 mm. 
In Figure 8 two examples of the effects of the hydrologic response of the “Serra di Buda” slope are shown. In 
particular, from December 2004 to June 2005, in concomitance to the minimum piezometric levels (about 14-19 m 
(a) (b) 
(d) (c) 
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below g.s.), the measures carried out in the GPS benchmark P01 (Fig. 5b) have recorded a maximum rate of 
displacement of about 25 mm/day (Fig. 8a) and from June 2005 to March 2009, with piezometric levels greater than 
15 m below g.s., the measures carried out in the same benchmark P01 (Fig. 5b) have recorded a constant rate of 
displacement of about 0.4 mm/day (Fig. 8b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Rainfall, piezometric levels, and inclinometric displacements in the Historical centre of the Lungro sample site. 
3. Conclusions 
Field monitoring is an essential tool to assess landslide stability conditions, but presents many critical points, in 
particular relative to long time periods measurements. 
The results obtained in the sample sites considered in this paper, through piezometric measures carried out for an 
adequate time period, provide some interesting indications relatively to the hydrologic response of two slopes in 
homogeneous geological contexts, and for medium deep and deep-seated landslides. 
For the translational slides with a maximum depth of about 30 m, located in the Historical centre of the Lungro 
sample site9, the cumulative rainfall on 120 days with values greater than about 700 mm determines a significant 
variation in the piezometric levels (about 2-4 m) that produces an increase of the displacement rate in the mass 
movements, involving colluvial soils and degraded phyllites.   
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Fig. 7. Rainfall and piezometric levels (S03 piezometer vertical) in “Serra di Buda” sample site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Typical hydrological responses of the “Serra di Buda” slope  and measured displacements (GPS benchmark P01):  (a) December 2004-
June 2005; (b) June 2005-March 2009. 
(a) (b) 
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In the “Serra di Buda” sample site, for a deep-seated landslide involving intensely weathered and fractured 
gneissic rocks34,35, in presence of snow and with values of 120-days cumulative rainfall of about 800 mm we find 
variations in piezometric levels (about 3-6 m) that produce significant changes in the landslide kinematic (rate of 
displacement from 0.4 mm/day to 25 mm/day).  
The useful observations obtained from the field monitoring in the sample sites of Lungro and “Serra di Buda”, 
essential to model the “reality”, allow to infer indications about the monitoring time period needed: about 6 years for 
medium deep landslides involving colluvial soils and degraded phyllites, and about 11 years for deep-seated 
landslides in weathered and fractured gneissic rocks.  
 Field monitoring is very expensive, time consuming, and affected by high risk of failing. The deep study of 
Widespread Landslide Events5 permit to identify sample sites, representative of landslides that produce high social 
and economic impact, with reference to homogeneus geological contexts, to defined landslide typologies and depths. 
In these identified sample sites, preliminary studies (geological, hydrological, geotechnical) allow to design and 
realize Integrated Monitoring Networks useful for multi-purposes. Moreover the sample sites with Integrated 
Monitoring Network permit to generate an “Observatory of Networks” with the aim to study the instability 
processes, to define efficient measures of risk prevention and reduction, and to validate and develop technologies. 
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